To evaluate the incidence of wound complications after the retroperitoneal approach for abdominal aortic aneurysm (AAA) repair, and to ascertain the cause of abdominal bulge (AB). Subjects and Methods: Forty-three patients with AAA repair via the retroperitoneal space were retrospectively investigated. Wound complications and their incidence were studied by chart review. The thickness of the abdominal wall muscle was measured by follow-up computed tomography films. Compound muscle action potentials (CMAPs) of the abdominal rectus muscle were examined for three bulge patients and three non-bulge patients. Results: Wound hypoesthesia (30%), wound numbness (21%), AB (7%), and wound pain (2%) were found in these patients. The thickness of the abdominal wall muscle was reduced in the incision side. CMAP of abdominal rectus muscle in the incision side disappeared only in AB patients.
Introduction
With the development of endovascular aneurysm repair (EVAR), the number of open AAA repair patients has decreased. The most useful places for open surgical repair are cases not suitable for EVAR such as juxta-or para-renal AAA. The retroperitoneal approach is technically more suitable than the transperitoneal one due to easier access to the aorta around the renal artery. 1) We believe that the retroperitoneal approach is more appropriate than the transperitoneal one for open AAA repair in this endovascular era. This is the reason we investigated retrospectively the wound complications of the retroperitoneal approach. The retroperitoneal approach for AAA repair is regarded as less invasive than the transperitoneal approach. The advantages of the retroperit oneal approach are earlier onset of oral intake, a shorter hospitalization and fewer postoperative ileus. [2] [3] [4] [5] However, postoperative wound complications after this approach were noted during follow-up examination. We conducted this study to patient had right iliac lesions or had a history of the operations through the left peritoneal space, we chose the right retroperitoneal approach. Follow-up study, which ranged from one to 48 months, included a physical examination and chart review. The mean follow-up period was 18 months. The computed tomography (CT) scan was examined at the preoperative stage, the second postoperative week and yearly in 28 patients. The thickness of the abdominal wall muscle was measured by Vernier caliper from CT films. The sites of measurement were the abdominal rectus muscle, the middle portion of the lateral abdominal wall muscles, and the maximum thickness of lateral abdominal wall muscles in the incision side at the navel level ( Fig. 1) . The change of muscle thickness was shown by the percentage change from the preoperative thickness. CMAPs of the abdominal rectus muscle were examined for three bulge patients and three non-bulge patients in order to assess the relationship between abdominal bulge and intercostal evaluate the incidence of wound complications after the retroperitoneal approach and to ascertain the cause of abdominal bulge.
Subjects and Methods
Seventy-one patients underwent elective infrarenal AAA repair at Chiba University Hospital between 1993 and 1997. These AAA repairs were straight or bifurcated graft replacement. Forty-three of the 71 patients underwent this procedure through the retroperitoneal space. All 43 patients underwent bifurcated graft replacement. The mean age of the retroperitoneal approach patients was 71 ± 9.4 (36-84) years old. The male to female ratio was 32:11. The mean size of aneurysm was 53.7 ± 10 mm in diameter (36-75). Thirty-five out of 43 patients underwent the procedure through the left retroperitoneal space and the remaining 8 patients underwent it through the right retroperitoneal space. The patient is positioned with a contralateral decubitus position, and the operating table is fully broken, head down, to increase the space between the costal margin and iliac crest. The retroperitoneal space is entered through an oblique abdominal skin incision and by severing the abdominal lateral wall muscle. The upper edge of skin incision was near the 11th intercostal space. We usually chose left retroperitoneal approach. If the patient had bilateral iliac artery aneurysms or bilateral iliac lesions, we chose the transperitoneal approach. If the 
Discussion
Open AAA repair is still necessary in some instances, even in the endovascular era. The instances which are not suitable for EVAR because of, inter alia, the access route problem and juxta-, para-renal AAA. The retroperitoneal approach is superior to the transperitoneal one in terms of its reduced invasiveness. Therefore, we studied the wound complications of the retroperitoneal approach. The approach of AAA repair is mainly classified into the trnasperitoneal approach and the retroperitoneal one. The retroperitoneal approach is regarded as less invasive than the peritoneal one in terms of earlier onset of oral intake and shorter hospitalization. [2] [3] [4] [5] However, considerable controversy continues regarding the preferred operative approach for aneurysm repair. [6] [7] [8] Thus, the retroperitoneal approach through an oblique incision has some complications concerning wounds due to muscle dividing. 8) Sensory disturbance of the peri-wound skin and wound numbness were found to be improved within a year. Thus, abdominal bulge is one of the most important wound complications. The incidence of abdominal bulge is reported as 11%-12%. 9, 10) Abdominal bulge was found in 7% of our series. According to Gardner's paper, 8) the extension of the incision into the 11th nerve injury. CMAP was recorded by using a conventional electromyography machine (Nicolet Viking 4; Nicolet Biomedical Japan, Tokyo, Japan) from the abdominal rectus muscle after stimulating the 11th intercostal nerve (Fig. 2) .
Results
Wound infection, wound dehiscence and incisional hernia were not found in these patients. Thirteen patients complained of sensory disturbance (hypoesthesia) of peri-wound skin. In seven of these patients, this symptom disappeared within the follow-up interval (mean 11 months). Nine patients complained of wound numbness. In five of these, this symptom disappeared within the follow-up interval (mean 14 months). Three patients complained of abdominal bulge in the area of their incisions (Fig. 3) . We diagnosed abdominal bulge by CT scan in addition to inspection and palpation. The onset of abdominal bulge in these patients was on the postoperative first, sixth, and eleventh month. One of the bulge patients (case 5) was associated with wound hypoesthesia but his hypoesthesia disappeared after the third postoperative month. One patient complained of persistent wound pain.
The patients' CT films showed severe hypotrophy of the abdominal wall muscle regardless of with or without bulge ( Table 1) . Decrease in the thickness of the abdominal wall muscle was attributable largely to decrease in the thickness of the lateral wall muscle.
CAMP of abdominal rectus muscle in non-bulge patients did not show a uniform tendency. Their CAMP of the incision side did not disappear. On the other hand, CMAP of the abdominal rectus muscle in all bulge cases disappeared in the incision side ( Table 2) . In Table 2 , all 6 patients underwent the left retroperitoneal approach. intercostal space and following injury of the 11th intercostal nerve is regarded as the primary cause.
Our results also revealed that abdominal bulge is related to intercostal nerve injury. In the abdominal bulge case, CMAP of the abdominal rectus muscle disappeared in the incision side. Disappearance of CMAP indicates axon degeneration of the motor nerve. We demonstrated that atrophy of the abdominal wall muscle was found even in non-bulge cases. These facts show that the muscle atrophy induced by denervation of the eleventh intercostal nerve is the cause of abdominal bulge. According to Fahim's paper, 11) the 12th intrecostal nerve injury is also related to the bulge formation from the innervations of abdominal wall muscle. However, we usually do not extend the incision into the 12th intercostal space in our operation. Although we do not know whether the 12th intercostal nerve is injured in our abdominal aorta surgery, it may be injured and be related to the cause of bulge.
We do not believe that an effective treatment of abdominal bulge currently exists. Therefore, it is important to prevent abdominal bulge. According to Gardner's paper, not extending incision into the 11th intercostal space to avoid the 11th intercostal nerve injury is the most effective method for preventing abdominal bulge. Moreover, the retroperitoneal approach through a midline skin incision may serve as a kind of the retroperitoneal approach with no bulge. 12, 13) 
Conclusion
(1) Wound hypoesthesia and numbness showed a relatively high incidence, although improved in about half of those patients with wound complications. (2) Atrophy of the abdominal wall muscle was found in the retroperitoneal approach patients regardless of with or without bulge. (3) The cause of abdominal bulge is regarded as muscle atrophy induced by denervation injury of an 11th intercostal nerve. (4) To avoid an 11th intercostal nerve injury must be deemed the most effective method for preventing abdominal bulge.
